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The Top Quark g% [

i

Discovered in '95 by CDF, D@  Rf1]xd t

40x heavier than bottom

Discovered at Fermilab in

a9, the TOP QUARK

~ mass of caffeine molecule
Special role in EWSB?
Enhanced coupling to new
physics?

Characterize top pair production
in pp collisions via:

particle whose pe
eht after by
thousands of physicists,

life is s

Aerylic felt with
gravel fill for
MATIRUIN INASS.

e ay: strong coupling eeee0000e0000 $10.49

2 LIGHT HEAVY

g°: energy scale

TOP QUARK

: s: spin/polarization PARTICLEZ 'O

0;: top production angle
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What is Apg? g% [

@ At Tevatron, charge asymmetry
appears as forward-backward
asymmetry (6;)

@ Use top-antitop rapidity

(3,8) difference (Ay = y: — y;) as

proxy for production angle

b

p(q,8) 0+

@ Invariant under longitudinal
boosts — good for hadron
colliders

N(Ay > 0) — N(Ay < 0)

N(Ay > 0) + N(Ay < 0)

OAFBE
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Standard Model Prediction g:é[

@ At leading order, Standard
Model predicts zero asymmetry

@ Asymmetry at NLO due to:

e interference between Born and
box diagrams (positive)

o interference between initial +
state and final state radiation
(negative)

@ Some disagreement regarding
SM predictions:

e LO/NLO for Agg denominator
o Size of electroweak corrections
_.l_
@ Inclusive NLO prediction with
26% EWK correction:

AMO = 6.6%
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‘I: New Physics g% [

@ Two broad classes of new
physics add more asymmetry

@ s-channel models with heavy
color octet:

G/

e Asymmetry due to axial
couplings

o Expect to see M,z resonance

o Unless G’ width very large

@ t-channel models with
flavor-changing Z':

e Asymmetry due to
flavor-changing into
Rutherford peak

e Expect less deviation from
cross section and mass
spectrum
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Results
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CDF lepton—jets Ay Ars g% [
CDF Run Il Preliminary L =8.7 fb*

o Lepton-+jets, 8.7 fb~!, 2498 S " oo oot

events, 505 4+ 123 BG E 10° NLO (QCD + EW) tf + Bkg

2 - . & [T, e

@ x“ based tt reconstruction, S e T iy

constrain M;, My, % .

> Fot -

@ SM estimation: Powheg with w10 e +++

26 % EWK correction

@ Modeling is good, Agg a little 500 600 700 800
M, GeVv/c?
large
CDF Run Il Prelimi L=g71b? CDF Run Il Preliminary L = 8.7 fb*
un reliminary L = 8. " n F
: —— |+Jets Data
o = 1000fF s
<2000 —— |+Jets Data 2 000F Arg _.
~ L . P I XLO:(EQS,ZD(; EW) tt + Bkg
‘2 E NLO (QCD + EW) ti + Bkg S 800 mm B 8
01500 = I Bkg > [ Agg = -0.0066
> r w +
= 600 =
1000 E
u 400~ —— —
500 L L 200 —_—
L [ ==
L ok . - L
0 -3 -2 -1 0 1 2 3
0 10 20 30 40 50 60 70 80 90 190 Ay
X t
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CDF lepton-+jets

CDF Run Il Preliminary L = 8.7 fb™

—_
Q —e— |+Jets Data
e ) Agg =0.162 £ 0,047
o N — NLO (QCD+EW) tt
ESIN A = 0.066
xel

N

Parton level

@ Statistical uncertainties
dominate systematic

uncertainties
CDF Run II Preliminary L = 8.7 fb™*

Lo O'BPartctn L(eljel Ay
Unfold to parton level

SVD regularization

Predicted Agg: (6.6 +2.0) %
Measured Apg: (16.2+4.7)%

http://www-cdf.fnal.gov/physics/

Source

Systematic Uncertainty

Background Shape 0.014
Background Normalization 0.011
Parton Showering 0.010

Jet Energy Scale 0.005
Initial and Final State Radiation 0.005
Color Reconnection 0.001
Parton Distribution Functions 0.001
Correction Procedure 0.003
Total Systematic Uncertainty 0.022
Statistical Uncertainty 0.041
Total Uncertainty 0.047

new/top/2012/LepJet_AFB_Winter2012/

J.S. Wilson (University of Michigan)
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DZero lepton+jets

@ doi:10.1103/PhysRevD.84.112005

o Lepton-jets, 5.4fb~!, 1581
events, 455 + 39 BG

@ Similar x? reconstruction
@ MC@NLO calculation for SM

@ Again, modeling is mostly good,

Arg larger than SM
@ SVD regularized unfold

n

£ fgz + DO, 541" Wt

2 160 (d) [0 Wejets
I Muttijet

e Data

0%0 160 180 _ 200
M, [GeV]

J.S. Wilson (University of Michigan)

tt Apg

Wit

[ W+jets
[ Multijet
® Data

D@, 5.4 fb™
(b)

@
=]

6
4

N
S S o

ST T T T T T[T T T

Aobserved (9 24 3. 7) %

o APZ®" = (19.6 +6.5) %

0
E 10° D@, 5.4 fb™! Wit
h (a) [ W+jets
[ Multijet
10 ® Data

10/01/2012 CKM 2012
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CDF dilepton
60 YiopYivar iN LaD CDF Il Preliminary
a2 F ILdl:S.lfb — Data
g r O
> L i+ 10 error
L : Fak
40 1 =;E
r T mz-w
L Ewwwzizz
20 : Ltl_
0t o
-2 -1 0 1 I%
Ay#
Mﬁ CDF Il Preliminary
1] [Lat=511" | _paa
c J -
Od
2 B2 10 oror
L [ Fake
[T[3%
@z-w
mwwwzizz

600 700 800
M; (GeV)

J.S. Wilson (University of Michigan) tt Apg

N

http://www-cdf .fnal.
gov/physics/new/top/
2011/DilAfb/

Two OS leptons, met, jets,
5.1fb~1, 337 events,

87 £17 BG

x? reconstruction with My,

constraint, pr(tt), pz(tt)
likelihoods

Parton level unfold via
assumption

Ars(Ay) = alAy
Aﬁ%ser"ed = (13.8+54)%
ARYEON = (41.7 £15.7) %

10/01/2012 CKM 2012 11 / 27
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Informal average g% [

@ N.B. NOT a formal combination — private calculation of weighted average
only, and correlations are completely neglected

@ Experimental results consistent with one another, inconsistent with predicted
(6.6 +2.0) %

CDF Dil(5.1 fb-1)} *

DO I4] (5.4 fb-1)} S A

CDF I+j (8.7 fb-1)} —
Apg =(18.7 £3.7)%

Weighted Average
NLO QCD+EWK} - (Wilson '12)

0 10 20 30 40 50 60
Arg(%)
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Part Il

Kinematic dependences
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\WESIENGEREGNWAN Standard Model Prediction gj%[

s E @ Asymmetry expected to vary
b ] with g? (M) and with |cos 6;|
M (1Ayl)
000 | | | | .
o @ Dependence approximately
linear

@ Plots from L. Almeida, G.
Sterman, and W. Vogelsang,

g Phys. Rev. D 78, 014008

= (2008).

-~ resummea 0(a,) exp.
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Mass and Rapidity

)
e
<

Fit linear ansatz to measurement

Fit is pretty good

Asymmetry increases with M,z
and with |Ay|

Form of increase is as expected

@ Magnitude of increase is not
@ Run pseudoexperiments to

evaluate significance
o My p = 0.00646
o |Ay|: p=0.00892

J.S. Wilson (University of Michigan)

tt Apg

0.6

0.4

0.2

0

0.5

0.4

=] o o
= N w
R E L a e e

o

CDF lepton—jets

N

CDF Run Il Preliminary L =8.7 fb*

—e— [+Jets Data - Bkg

a, —(11+29)><104

NLO (QCD +EW) if
ay, =3x10"

350 400 450 500 550 600 650 700 750 800

M, GeVv/c?
CDF Run Il Preliminary L = 8.7 fb*

O TTTT

—e— |+Jets Data - Bkg

a,, = (20+5.9) x 107
NLO (QCD + EW) tf
crAy—67><10

02040608 1 12141618 2
Ay

t
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Mass and Rapidity DZero lepton—+jets g% [

My >450 GeV
@ DZero also studies kinematic
M;; <450 GeVfie — o dependencies
@ Two bins
0 5 10 15 o 20
Ars(%) @ No evidence for mass
dependence in this DZero data
. @ Some evidence for a rapidity
y| > [ A —
dependent Arg
@ Perhaps a clearer picture with
update to full DZero data set
|Ay| <1te—e—y
0 5 10 15 20 25 30 35 40
AFB(%)
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J.S. Wilson (University of Michigan)

Dependence of Arg on
transverse momentum of tt
system is very important
Sensitive to detailed QCD
effects

(Very) rough explanation: In
events where top is backwards,
color flow from proton to top
bends sharply, leading to a
“color bremsstrahlung”

That is, backward events tend
to have higher tt pr

Leads to positive Apg at low pT,
negative at high pr, even at LO
Also NLO ISR/FSR interference
contributes pr dependent Arg

tt Apg

Why it matters

p

Backward

p

Forward

(NOT Feynman diagrams!)

10/01/2012 CKM 2012
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MC predictions

— Powheg + Pythia
— Pythia
— MCFM
0.1
oF
0.1
0.2F
0.3F
0.4F
-0.5:""""""""'"""""""""""'""""'
0 10 20 30 40 50 60 70 80 90 100

Py
@ POWHEG, MCFM, PYTHIA truth
@ All same general shape: positive at low pT, negative at high pr

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012
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CDF lepton-fjets VI

o First, is the tt p1 spectrum well

modeled?
) ) CDF Run Il Preliminary L = 8.7 fb™
@ Important point raised by DZero S1000F o ets Data
— if p7 badly modeled, no 8 aook % NLO (QCD + EW) f + Bkg
. S 800 ——
reason to expect predicted Apg & | Bek
» 600F KS: 29%
to match data E L
§ £
H i 400
@ Not an easy quantity to do well ;
with 200F
@ Anthing “left over” in event o e

goes into pr: underlying event,
pileup, instrumental noise, etc.

@ Modeling looks fine in CDF data

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 19 /27
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CDF lepton-fjets VI

CDF Run Il Preliminary L =8.7 fb*

o 0.3f
<LL F —— |+Jets Data - Bkg
02:_ Powheg
:—+— Pythia
0.1F +
oF IR P
0.1F
-0.2F
035 1020 30 40 50 60 70
P, (tD)

J.S. Wilson (University of Michigan)

tt Apg

Behavior of the models largely
survives detector and
reconstruction effects

Our data (background
subtracted) shows a similar
dependence on prt

Larger overall asymmetry

Shape compatible with SM
predictions from POWHEG and
from PYTHIA, total asymmetry
not compatible

10/01/2012 CKM 2012 21 / 27



Part IV

Lepton asymmetries

J.S. Wilson (University of Michigan)
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o Lepton direction ~ top direction

@ Get lepton information without
tt reconstruction

@ Independent check of
asymmetries

@ If tops are produced polarized,
can see this in lepton Arg

o Falkowski ‘12

J.S. Wilson (University of Michigan)

Inclusive Asymmetries

: [ ]
oasf DO A
— 0.10f
< i [ ]
oosh CDF A
t SM®
000} -
; AxiL
ook . S
000 005 0.10 015 020

tt Apg
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CDF/DZero lepton+jets g% [

Charge-weighted lepton psuedorapidity (Q - 7¢)

CDF Run Il Preliminary L = 8.7 fb™*

UN’. 500: —e— |+Jets Data - Bkg
Lo gy D@, 5.4 b S ooF mm NS oco s Ew i
$ 120 [ Wajets + 2] 400¢ AFB:(g.OlG )
u B Multijet § i
e Data 300
S ++++++
2005— + _+_
100 |,
-1.5 -1 -0.5 0 E E ._.__+_. 1 1 1 1 e
Y, 0575 1 05 0 05 1 15 2
aNe
o AL — (142 £3.8)% _ K
t,pred . @ Inclusive:
° Agg = (0.8£0.6)% o AL™ = (6.6+25)%
@ Also unfold to parton level o ALPred — (1.6+£0.5)%
4
o ApRM =(15.2+4.0)% o M > 450 GeV/c?:
o AL — (2140.1)% o ARS™ =(11.6+4.2)%

o ARSI =(32£1.0)%
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DZero dilepton g% [

1001 D@ L=5.4 fb" - D;ila 1 100 poL-5.41b" ——Data ]
. 80 M 80 I
o arXiv:1207.0364 ¢ Il Background Il Background
o
>
@ 5.4fb~ 1 two OS “
leptons, Z veto, .
. -2 -1 o 1 2 X =
2 _]etS, MET: HT Antilepton Lepton n
@ 649 events, 200F DO L=5.41b" —~Data 1501 DO L-5.4 10" — Data
I i
244 :l: 18 BG ‘E [ Background 100! M Background
@ Only addresses 2 ;
50|
the leptons — no
tt reconstruction R e

J.S. Wilson (University of Michi tt Arg 10/01/2012 CKM 2012 25 /27




DZero dilepton M
Raw Unfolded Predicted
A° 29+6.14+09 254+714+14 4.7+0.1

App| 45+6.1+1.1 41+68+1.1 44402

Afp|—-124614+13 —84+744+24 —5.0+0.2
Afp| 31+£434+08 58+51+1.3 47401
A" | 33+£60+£1.1 53+£794+29 62+0.2
Aép| 18443410 —1.84+514+1.6 —0.3+0.1

@ Many different measurements are possible in dileptons

@ All consistent with SM prediction, with large error bars
e Combine single-lepton Agg ((5.8 £5.3) %) with same from
lepton—+jets

o BLUE gives (11.8 & 3.2) % — two measurements 68 % consistent
with one another
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(]

Conclusion E gj; [

AEB remains an interesting and reproducible effect
Not (yet?) well understood in the Standard Model

At CDF and DZero, we have been and continue to be working hard to
fully characterize the asymmetry

Investigated dependence on mass, rapidity, and transverse momentum

Lepton-only asymmetries give both a cross check and a polarization
probe
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Part V

Appendix
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@ Look for lepton + jets:
tt — WbWb — fvbqqb

@ Using the full Tevatron dataset
of 8.7fb~ 1, select a sample of
events with

o Well-reconstructed lepton
e Missing transverse energy
o At least 4 jets with

E+ > 20GeV
o At least one b-tagged jet

o Total energy (Ht) > 220 GeV

@ 2498 candidate tt events

@ 2037 expected tt events, 505
expected background events

@ Quite pure sample of tt (4:1)

J.S. Wilson (University of Michigan)

W + Heavy Flavor 241 +£ 78
Non-W (QCD) 98 £ 51
W + Light Flavor 96 £ 29
Single Top 33+2
Diboson 19+ 3
Z + Jets 18+ 2
Total Background 505 + 123
Top Pairs (7.4 pb) 2037 £ 277
Total Prediction 2542 + 303
Data 2498

tt Apg

10/01/2012 CKM 2012
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Reconstruction

2000

1500

Events / 10

1000

500

0

J.S. Wi

N

Reconstruct tt system using x2 based fitter

W masses constrained to 80.4 GeV/c:2 + 'y — get neutrino pz
t masses constrained to 172.5GeV/c? + T,

Jet energies and unclustered energy float within uncertainties

Try all permutations of leading 4 jets (b-tagged jets matched to b

quarks), use best fit

Distribution of best x? well-modeled over 2 orders of magnitude, even

for very large x?

CDF Run Il Preliminary L = 8.7 fb*

- —e— |+Jets Data
r NLO (QCD + EW) tf + Bk
L Q ) g
C Il 5o
E ——
L ——
——
0

Ison (University of Mick

10 20 30 40 50 60 70 80 90 190
X

Events / 10

tt Arg

CDF Run Il Preliminary L = 8.7 fb*

—— |+Jets Data
NLO (QCD + EW) tf + Bkg

. s

10 20 30 40 50 60 70 80 90 1200
X
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Validation Mass and pr M

CDF Run Il Preliminary L = 8.7 fb* CDF Run Il Preliminary L = 8.7 fb*
r;U\ 5005_ —— I+Jets Data N§ —— I+Jets Data
] F NLO (QCD + EW) tf + Bkg L 102 NLO (QCD + EW) tf + Bkg
Q 500 Q
& B I sk 8 el Bl
3 400f: " 3 10 —
S 300F c
ST =] 2 =t
% 200F + d 10 o
E + '1'+
100F e,
0 300 400 500 600 700 800 500 600 700 800
M, GeVv/c? M, GeVv/c?
— CDF Run Il Preliminary L =8.7 fb*
o tt mass spectzrum (proxy S 1000F e oo
3 (] r . -
variable for g°) also well 8 aof- NLO (QCD + EW) tf + Bkg
modeled S I L LS
_ » 600 KS: 29%
@ Transverse momentum of tt S b=
g
- .- . LIJ 400_
system is a sensitive check of .
our reconstruction and modeling 200~ L
@ Anything left over in event goes T o Y
into pr — modeling looks fine P (th)

J.S. Wilson (University of Michi tt Arg 10/01/2012 CKM 2012 3/22



Events /0.5

1500

1000

500

Validation

CDF Run Il Preliminary L = 8.7 fb*

—— |+Jets Data Exactl B-T:
A = 0,027 £0.014 xactly 0 B-Tags
NLO (QCD + EW) tf + Bk
A-OG5R B g
= Bkg
Apg = 0016

J.S. Wilson (University of Michigan) tt Apg

Side-band: exactly ZERO
b-tagged jets

Depleted in tt

Plenty of data

Check variable of interest — Ay
Expected asymmetry small
(2.1%)

Observed asymmetry small
(2.7%)

Good modeling builds

confidence for signal region

10/01/2012 CKM 2012 4 /22



‘I: Asymmetry g% [

CDF Run Il Preliminary L = 8.7 fb*

2 1000 — e pata @ Back to signal region
g SOOE_gLB;):(SSzDe*EW)‘“Bkg o Expected asymmetry due to
I T L NLO tt with EWK corrections
600
: B plus backgrounds: 2.6 %
- ——
“oop [ @ But we observe an asymmetry
200¢ = =3 of (6.6 +2.0)%
03— 1 o T2 3 @ This is enough to investigate
d further

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 5/22



4% ESYuInE{eAl Mass dependence M

CDF Run Il Preliminary L =8.7 fb*

E 8oor _._lej:tzsol.)oazt%: 0.025 M, <450 Gevic?
P C XLBO:(S&I-)(; EW) tf + Bkg
S 600| m=m Bkg
@ L A, =0.0081
Yo phat=
400 .
r @ Since SM asymmetry depends
L —— —— .
200F on Mz, split sample at
- e 450 GeV /c?
0
R o M < 450 GeV/c? has
t . .
CDF Run Il Preliminary L = 8.7 fb™! asymmetry consistent with zero
0 [ —— 2 H
S F T ArEdiiooms M, 2 450 Gevie and with SM
& 200F XLO=(8(65)4+ EW) tT + Bkg
S [mmsky e Mz > 450 GeV/c2:
g o Ay = -0.04
W 150p iy Arg = (16.0 + 3.4) % versus
100F _+_—+—+ expected 4.4 %
ofF = -+
b
0-3 -2 -1 0 1 2 3

Ay

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 6 /22



b Asymmetry
@ To focus in on tt, subtract the
background model from data

and compare to tt MC
@ Still see similar effects in Ay,
inclusively as well as above and
below 450 GeV//c?
CDF Run Il Preliminary L = 8.7 fb*
:‘3? 6005— I/:JEI-SODO?;%k()gsl My < 450 Gelc™
£ goof ™ hgs = Low mass
5 aof +
300:—
200F -+ —+
100 |,
B T s ma
Ayt
J.S. Wilson (University of Michigan)

Background subtracted g% [

Events /0.5

Events /0.5

CDF Run Il Preliminary L = 8.7 fb*

[ —e— I+Jets Data - Bkg
800 A = 0.085 + 0.025 I | .
L NLO (QCD + EW) tt
- Lo (oco = nclusive
600
3 ~—=t=
400~
. —+ —+=
200 -
L ——
O L — [ I I 1 +—_
-3 -2 -1 0 1 2 3
Ay[
CDF Run Il Preliminary L = 8.7 fb*
200} —— I|+Jets Data - Bkg M, = 450 GeV/c?
I Agg =0.240.043
F NLO(QCD+EW)1I H|gh mass
150f  AeT00%2
100 r _+_ _+_+
50
L=t . . L o
-3 -2 -1 0 1 2 3
INY

10/01/2012 CKM 2012 7 / 22



Mass dependent Arg g% [

CDF Run Il Preliminary L =8.7 fb*

% 500;7 |+Jets Data - Bkg, Ay >0
- o QUL: L
o With the full Tevatron dataset, @ | I+Jets Data - Bkg, &y <0
investigate mass dependence P ;
c 1
more thoroughly £ o
@ Enough data for more than 2 100 '
bins P
0 400 450 500 550 600 650 700 270
M. (GeVi
@ Mass spectrum for forward i (Gevic')
CDF Run Il Preliminary L = 8.7 fb*
(A'y > 0) and baCk\N_ard <E 0.6 —— I+Jets Data - Bkg
(Ay < 0) events noticeably i .
. . r NLO (QCD + EW) tt
different in the data o4k
o Arg rises evenly with Mz I
e Magnitude of Afg increase not o2r + \
predicted by SM. [ —+—
|
350 400 450 500 550 600 650 700 750 800

M, GeVvi/c?

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 8 /22



Mass dependent Arg Linear Fits M

CDF Run Il Preliminary L =8.7 fb*

<LL 0.6 -_ —_— |+Jel_s(lj?f:az Skxglo‘
- NLO (QCD + EVV) tt
. . L _3><10
@ SM predicts ~ linear 0.4l
dependence on g2 [
o Fit linear ansatz to data and to 021
SM prediction i
. . 0=
® SM also predicts ~ linear 350 400 450 500 550 600 650 700 750 800
dependence on cos ; M, GeVic

CDF Run Il Preliminary L = 8.7 fb*
—e— |+Jets Data - Bkg
0, =(20£5.9)x 107
NLO (QCD + EW) tt
Oy =6.7x 102

o Fit linear ansatz to Apg vs. Ay g os

@ Both SM prediction and data 0.4
well described by linear

o
w
AN R RS R R

dependence on M,z and Ay
0.2
@ N.B. slope is not a theory
0.1

parameter

o
O TTTT

02040608 1 12141618 2
Ay

t

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 9 /22



Mass dependent Arg

Evaluating Significance

N

CDF Run Il Preliminary L =8.7 fb*

@ Perform pseudoexperiments with & o[ = 1esdma sk

POWHEG

@ Produce these distributions for
each pseudoexperiment

@ Fit linear ansatz to each
pseudoexperiment

o Count number of
pseudoexperiments with slope
this large or larger

@ p-values:

e M,z dependence: 0.00646
o Ay dependence: 0.00892

@ To compare data directly to
theory or other experiments,
data must be corrected to
parton level

J.S. Wilson (University of Michigan)

I ay, = (11 2.9) x 10*
L NLO (QCD + EW) tt
[ ay, =3x10*
04
0.2
oles

350 400 450 500 550 600 650 700 750 800
M, Gev/c?

CDF Run Il Preliminary L = 8.7 fb*

2 0.5F —— I+Jets Data- Bkg
0,y =(20£5.9)x 107
NLO (QCD + EW) tt

04 ay, = 6.7% 107

o
N

o
w
AN R RS R R

o
s

o
Opmrrr

tf Arg 10/01/2012 CKM 2012

0:2 0.I4 0:6 0j8 I1 1j2 1j4 1:6 1:8 2
Ayt
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Part VI

Parton corrected

J.S. Wilson (University of Michigan)

tt Apg
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Technique g% [

@ To estimate parton-level
distributions from data, we must
account for:

1 Finite detector resolution
2 Smearing due to incorrect
reconstruction

Effect of selection cuts
Geometric acceptance
Trigger rate

Finite statistics

39[ J9)2WiLI0eD

SO W

@ Two steps — first unsmear to
correct for 1, 2, and 6, then
correct acceptance for 3, 4 and 5

@ Acceptance correction is simple
underlying bin-by-bin ratio of MC truth
before and after selection

event

J.S. Wilson (University of Mic tt Arg 10/01/2012 CKM 2012 12 / 22



Unsmearing M

1.5

=
O

Measured Ay

| |
H O O o
o o U

.0-1.5-1.0— 0500 0.5 1.0 1.5 2.0

. 2.0,
Estimate detector response
matrix S from Monte Carlo '
Linear equation for corrected ,
data X from data b: SX=0b ,
Inverse problem is ill-conditioned :
Can only be solved in least '
212 -1.5
squares sense (min [SX — b’ ) 2

True Ay

Even then, solution grossly
magnifies statistical imprecision o Minimize ‘5)?— 5‘2 Y7 |CRP
Use technique from math.
stats.: Tikhonov regularization
(Hocker and Kartvelishvili 1995)
Expect true parton level
distribution to be smooth

@ C is matrix of second derivatives
— encodes belief in smoothness

@ Trade reduced statistical
imprecision for small bias

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 13 / 22



Systematic uncertainties

CDF Run II Preliminary L = 8.7 fb~?

Source Systematic Uncertainty
Background Shape 0.014
Background Normalization 0.011
Parton Showering 0.010
Jet Energy Scale 0.005
Initial and Final State Radiation 0.005
Color Reconnection 0.001
Parton Distribution Functions 0.001
Correction Procedure 0.003
Total Systematic Uncertainty 0.022
Statistical Uncertainty 0.041
Total Uncertainty 0.047

@ Many sources of systematic uncertainty

@ Statistical uncertainty dominates systematic uncertainty

J.S. Wilson (University of Michigan)

tt Apg

10/01/2012 CKM 2012
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Arg vs. |Ay|

CDF Run Il Preliminary L = 8.7 fb*

o) [ —e— I+Jets Data
S [ A=0162+0047
o> 2: — NLO (QCD+EW) tt
S ° Agg = 0.066
xel -
15 -
1
0.5 ;
0 | | | | | | |
-2 -1.5 -1 0.5 0 05 1 15
Parton Level Ay
CDF Run Il Preliminary L = 8.7 fb
o F
<‘-‘- | ——|+Jets Data
L 0, = (30.6  8.6)x10?
0.6 (Correlated Uncertainties)
[ — NLO (QCD+EW) tt
[ @, =103x107
0.4
0.2
P R | P I I N IR
o 12 14 16 18

02 04 06 08 1

J.S. Wilson (University of Michigan)

Parton Level Ay

tt Apg

(]

N

After correcting to parton level,

. . . dU'
get differential cross section Ay

From this, calculate Arg in each
bin of |Ay]|

Fit linear ansatz again

Similar behavior as observed
before correction

Linear ansatz describes both
data and SM well

Slope not well described by SM

10/01/2012 CKM 2012 15 / 22



5 AFB VS. Mtf

CDF Run Il Preliminary L = 8.7 fb*

=2 F
&Az A= |I+Jets Data, Ay >0
>
N
ﬁp\_z I+Jets Data, Ay <0
gu
T 15
}
1
{
0.5
- L

Parton Level M, (GeV/c?)

CDF Run Il Preliminary L = 8.7 fb

o F
L | ——|+Jets Data
Losf ay, = (15.6 + 5.0)x10*
F (Correlated Uncertainties)
o5 —nNLo (QCD+EW)
E oy, =3.3x10°
0.4
03
02fF
01 7!‘4

wo
&
S

Parton Level M, (GeV/c?)
J.S. Wilson (University of Michigan)

550 400 450 500 550 600 650 700 750

400 450 500 550 600 650 700 750

tt Apg

@ Also correct difFerentiaI cross
sections in mass, dM , for
forward and backward events

@ Use this to calculate Arg as a
funtion of M

@ Once again, linear ansatz
describes data and SM, but
slope not well described by SM.
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Part VII

Additional Results

J.S. Wilson (University of Michigan)

tt Apg

10/01/2012 CKM 2012
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Lepton Asymmetry g% [

@ Lepton pseudorapidity is CDF Run Il Preliminary L = 8.7 b

_ i w 500 ——7 -
independent of tf reconstruction &  F T asoosesooes
; 400F NLO (QCD + EW) tt
@ Serves as a proxy for top quark  E f  AeT0%°
idi o 300F
rapidity w o +_+_+++
@ Observation of an asymmetry in 200 _+_+ +
this variable helps validate tt 100F
ArB : -+ +
b
- - . -2 -15 -1 -05 0 05 1 15 2
@ tt Afpg is not an artifact of X2 ey

fitter based tt reconstruction

CDF Run II Preliminary L = 8.7 fb™!

Data NLO (QCD+EW) ¢t
Mz Afrp (:i: [stat.—i—syst.]) Arp
Inclusive 0.066 4+ 0.025 0.016
< 450G6V/C2 0.037 £+ 0.031 0.007
> 45OGeV/C2 0.116 4 0.042 0.032

J.S. Wilson (University of Michigan) tt Apg 10/01/2012 CKM 2012 18 / 22
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